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Objective: An association of intraluminal thrombus (ILT) with abdominal aortic aneurysm (AAA) growth has been
suggested. Previous in vitro experiments have demonstrated that aneurysm-associated thrombus may secrete proteolytic
enzymes and may develop local hypoxia that might lead to the formation of tissue-damaging reactive oxygen species. In
this study, we assessed the hypothesis that ventral ILT thickness is associated with markers of proteolysis and with lipid
oxidation in the underlying AAA vessel wall.
Methods: Ventral AAA tissue was collected from asymptomatic patients at the site of maximal diameter during open
aneurysm repair. Segments were divided, one part for biochemical measurements and one for histologic analyses. We
measured total cathepsin B, cathepsin S levels, and matrix metalloproteinase (MMP)-2 and MMP-9 activity. Myeloper-
oxidase and thiobarbituric acid reactive substances were determined as measures of lipid oxidation. Histologic segments
were analyzed semiquantitatively for the presence of collagen, elastin, vascular smooth muscle cells (VSMCs), and
inflammatory cells. Preoperative computed tomography angiography scans of 83 consecutive patients were analyzed. A
three-dimensional reconstruction was obtained, and a center lumen line of the aorta was constructed. Ventral ILT
thickness was measured in the anteroposterior direction at the level of maximal aneurysm diameter on the orthogonal
slices.
Results: Ventral ILT thickness was positively correlated with aortic diameter (r  0.25; P  .02) and with MMP-2 levels
(r 0.27; P .02). No biochemical correlations were observed withMMP-9 activity or cathepsin B and S expression. No
correlation between ventral ILT thickness and myeloperoxidase or thiobarbituric acid reactive substances was observed.
Ventral ILT thickness was negatively correlated with VSMCs (no staining, 18.5 [interquartile range, 12.0-25.5] mm;
minor, 17.6 [10.7-22.1] mm; moderate, 14.5 [4.6-21.7] mm; and heavy, 8.0 [0.0-12.3] mm, respectively; P  .01) and
the amount of elastin (no staining, 18.6 [12.2-30.0] mm; minor, 16.5 [9.0-22.1] mm; moderate, 11.7 [2.5-15.3] mm;
and heavy 7.7 [0.0-7.7] mm, respectively; P  .01) in the medial aortic layer.
Conclusions: ILT thickness appeared to be associated with VSMCs apoptosis and elastin degradation and was positively
associated withMMP-2 concentrations in the underlying wall. This suggests that ILT thickness affects AAAwall stability
and might contribute to AAA growth and rupture. ILT thickness was not correlated with markers of lipid oxidation.
(J Vasc Surg 2013;57:77-83.)
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mal diameter are important determinants for AAA rupture.
An association of intraluminal thrombus (ILT) with AAA
growth has been suggested.1,2 Furthermore, most aneu-
rysms associated with rupture contain an ILT,3-5 and the
presence of blood in the ILT is associated with AAA rup-
ture.6,7 The precise mechanism of AAA rupture is unclear,
but elastin degradation and collagen integrity are thought
to play an important role in this phenomenon. AAA wall
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http://dx.doi.org/10.1016/j.jvs.2012.07.003hat is covered with thrombus has decreased tensile
trength, which might increase the risk of rupture.8 In
ddition, histologic analysis of the thrombus-covered an-
urysm wall demonstrated a thinner underlying AAA vessel
all that contained a decreased amount of vascular smooth
uscle cells (VSMCs) and elastin fibers. Elastin fibers were
ore fragmented, and VSMCs were more apoptotic.9
In vitro studies showed active secretion of proteolytic
actors from cultured human thrombi.10-13 These results
uggest that the ILT is a biologically active laminated
tructure with capabilities to influence proteolysis in the
nderlying AAA vessel wall. However, protease activity in
he ILT is predominantly located in the luminal layer,
hereas proteases in the thrombus layers (abluminal
hrombus layer) more toward the AAA wall are mostly
nactive.10 Other theories suggest that the ILT has an
ndirect effect on AAA vessel wall weakening. Thrombus
hickness has been associated with local hypoxia in the AAA
essel wall.14 Local hypoxia might induce angiogenesis,
ccompanied with an influx of inflammatory cells and up-
egulate markers of lipid oxidation to damage subjacent
issue.
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January 201378 Koole et alThe three objectives in this study were to (1) investi-
gate the association between ILT thickness and medial
degeneration in AAA biopsy specimens, (2) assess the asso-
ciation of AAA thrombus thickness with markers of prote-
olysis in the AAA wall, and (3) investigate whether ILT
thickness is associated with markers of lipid oxidation in the
underlying AAA vessel wall.
METHODS
This study was approved by the Medical Ethics Com-
mittees of the participating hospitals. Patients provided
written informed consent.
Aneurysm-Express Biobank. Ventral AAA biopsy
specimens were obtained at the site of maximal diameter
from AAA patients undergoing surgery in two Dutch hos-
pitals participating in the Aneurysm-Express Biobank. This
ongoing Aneurysm-Express Biobank includes all patients
undergoing open AAA repair at these two hospitals.15
Patient inclusion. The study included patients under-
going open repair of asymptomatic AAAs. The indications
for intervention were based on current guidelines.16 Pa-
tients with a preoperative computed tomography angiog-
raphy (CTA) scan with a slice thickness 3.0 mm were
excluded from the study because of potential inaccuracy of
measurements; for this reason, 20 examinations (19.4%)
were excluded.
Baseline characteristics. Demographic data, cardio-
vascular risk factors, and medication use were retrieved
from questionnaires and clinical records. Hypertension was
defined as systolic blood pressure 140 mm Hg or use of
blood pressure–lowering drugs, hypercholesterolemia was
assessed by statin use and clinical records or questionnaires,
diabetes was defined as use of insulin or oral hypoglycemic
agents, and smoking was defined by whether patients had
Fig 1. Intraluminal thrombus (ILT) thickness (red arro
the aortic lumen in the anteroposterior direction on thesmoked during the last weeks before AAA surgery. sILT measurements. All CTA scans were acquired on
16-slice or 256-slice CT scanner (Philips Medical Sys-
ems, Best, The Netherlands) with a standardized acquisi-
ion protocol (1.5- to 3.0-mm slice thickness, 0.7-mm
ncrement). After administration of a nonionic contrast
gent, scanning was started using bolus-triggering software
ith a threshold of 100 HU over baseline. The acquired
ata sets were transferred to a 3Mensio Vascular 4.3 work-
tation (3Mensio Medical Imaging BV, Bilthoven, The
etherlands).
Subsequently, a three-dimensional (3D) reconstruc-
ion of the aorta was created. A starting point was placed in
he center of the aorta above themost proximal renal artery,
nd an ending point was placed below the native bifurca-
ion. The centerline was automatically calculated and ad-
usted manually to the center of the aorta, if needed. After
efinition of the centerline, a reconstructed stretch view of
he aorta was generated.
Because a part of the ventral AAA wall was excised at
he site of the maximal diameter, ILT thickness was mea-
ured at the level of the maximal diameter. The location of
he maximal diameter was determined at visual sight in the
econstructed stretch view, and in case of doubt, several
easurements were performed to provide one conclusive
ocation. ILT thickness was defined as the distance from the
neurysm wall to the aortic lumen in the anteroposterior
irection on the orthogonal slices (Fig 1). Intraoperatively,
he surgeon’s clinical judgment (eyeballing) was used to
onfirm the site of maximal diameter.
To analyze the interobserver and intraobserver vari-
bility, two investigators (H.Z. and L.H.) performed
LT thickness measurements for 25 randomly chosen
atients independently and in a random order. For de-
ermination of the intraobserver variability, the first ob-
efined as the distance from the ventral aneurysm wall to
gonal slices.w) is derver measured each scan twice, with an interval of 2
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Volume 57, Number 1 Koole et al 79weeks between measurements. To assess interobserver
variability, the measurements of observer 2 were com-
pared with the first measurement of observer 1. Interob-
server and intraobserver variability for ILT thickness
measurements were calculated using the Bland-Altman
difference against the mean analysis.17
Histologic and biologic assessment of AAA biopsy
specimens. AAA specimens were dissected into 5-mm
cross-sectional segments. One segment was fixed in 4%
formaldehyde, decalcified in ethylenediaminetetraacetic acid,
and embedded in paraffin. Consecutive slides were stained
with hematoxylin and eosin, elastin von Gieson, picrosirius
red, and antibodies against -actin, macrophages (cluster of
differentiation [CD] 68), T-lymphocytes (CD3), B-lympho-
cytes (CD20), and plasma cells (CD138). Extracellularmatrix
components were semiquantitatively scored as (1) minor or
(2) moderate to heavy staining in intima, media, and adventi-
tia separately for collagen (picrosirius red) and SMCs (-
actin). Different components of the inflammatory infiltrate
were scored as (1) minor or (2) moderate to heavy staining in
the adventitia. Minor staining was defined as100 positively
stained cells, and moderate to heavy staining was defined as
100 positively stained cells per representative high-power
field at original magnification 100. This was performed for
macrophages (CD68), T-lymphocytes (CD3), B-lympho-
cytes (CD20), and plasma cells (CD138).
Other segments were snap-frozen in liquid nitrogen,
ground, and dissolved in 1.5 mL of 40 mmol Tris-HCl.
Total protein of every sample was quantified by using a
bicinchoninic acid protein measurement method (Pierce
Biotechnology, Rockford, Ill). A Bio-Plex system (Bio-
Rad, Hercules, Calif) was used to measure osteoprotegerin,
interleukin (IL)-6, IL-8, cathepsin B, and cathepsin S.18,19
Matrix metalloproteinase (MMP)-2 and MMP-9 were
measured using Biotrak activity assays (Amersham Biosci-
ences, GEHealthcare, Hertfordshire, UK). The assays used
recognize the pro and active forms of MMPs and do not
cross-react with other MMPs or tissue inhibitors of metal-
loproteinases. Interassay coefficient of variation was 10%
for MMP-2 and MMP-9 with a detection limit of 190 and
125 pg/mL, respectively. Concentrations of human my-
eloperoxidase (MPO; Hycult Biotech, The Netherlands)
and thiobarbituric acid reactive substances (T-BARS; Ox-
iselect, Cell Biolabs, San Diego, Calif) were determined by
enzyme-linked immunosorbent assays. Measured concen-
trations were related to the protein concentrate of every
sample.
Statistical analysis. Discrete variables are reported as
number and percentages. Continuous variables are re-
ported as median with interquartile range (IQR) or as mean
and the standard deviation. Spearman correlation analysis,
Mann-Whitney U test, and the Kruskal-Wallis test were
conducted where appropriate. Multiple linear or logistic
regression analysis was used to assess independent associa-
tions. The natural log-transform was used to normalize the
distributions and to improve linearity for multiple regres-
sion. All P values were adjusted for age, sex, hypertension,
hypercholesterolemia, diabetes, smoking, and AAA diame- ser. Only the P values calculated for differences in baseline
haracteristics were not adjusted. All tests were two-sided,
ith P  .05 considered statistically significant. Statistical
nalyses were performed with SPSS 15.0 software (SPSS
nc, Chicago, Ill).
ESULTS
Baseline characteristics. The study cohort consisted
f 83 asymptomatic AAA patients. Their median age was 71
ears (IQR, 66-76 years), and 65 (78.3%) were men. The
edian AAA diameter was 56.6 mm (IQR, 51.4-64.0
m). In total, 43 patients (51.8%) used antiplatelet drugs,
4 (16.9%) used anticoagulant drugs, and no patients used
eparin derivatives. Table I summarizes the differences in
aseline characteristics between patients with an ILT thick-
ess below or above the median value. AAA diameter and
he percentage of men were significantly increased in the
roup with an ILT thickness above the median. In addi-
ion, ventral ILT thickness was positively correlated with
ortic diameter (r  0.25; P  .02). No differences were
bserved in antiplatelet or anticoagulant drug use.
Interobserver and intraobserver variability. For ob-
erver 1, the mean ILT thickness was 14.5  9.5 mm for
he first measurement and 14.0  9.8 mm for the second
easurement. For observer 2, the mean ILT thickness was
4.2 10.1 mm. The differences of measurements plotted
gainst the mean of measurements for the interobserver
nd intraobserver variability are shown in Fig 2. The inter-
bserver mean difference for ILT thickness was 0.3 mm
2.2%), with a repeatability coefficient of 5.1 mm (34.9%).
he intraobserver mean difference for ILT thickness was
0.6 mm (3.9%), with a repeatability coefficient of 5.4
m (36.9%). All measurement differences were within the
imits of agreement. No significant differences were ob-
able I. Baseline characteristics of the study population
rouped by intraluminal thrombus (ILT) thickness
ariables a
ILT thickness
P
15.0 mm 15.0 mm
(n  41) (n  42)
ge, years 72 (66-77) 71 (66-76) .71
AA diameter, mm 55 (48.6-60.2) 58 (53.4-67.6) .02
reatinine, mol/L 94 (80.0-113.0) 86 (76.0-101.3) .17
ale sex 28 (68.3) 37 (88.1) .03
ypertension 33 (80.5) 30 (71.4) .34
ypercholesterolemia 27 (65.9) 26 (61.9) .71
iabetes 6 (14.6) 11 (26.2) .18
urrent smoker 15 (36.6) 21 (50.0) .40
edication use
Antiplatelet 20 (48.8) 23 (54.8) .67
Anticoagulant 7 (17.1) 7 (16.7) .92
ACE inhibitor 11 (26.8) 17 (40.5) .25
Statin 28 (68.3) 29 (69.0) .92
AA, Abdominal aortic aneurysm; ACE, angiotensin-converting enzyme;
QR, interquartile range.
Continuous data are presented as the median (IQR) and categoric data as
umber of patients positive (%) for the variable.erved between the two observers.
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degeneration in AAA specimens. A negative correlation
between ILT thickness and the amount of elastin fibers was
observed (r0.30; P .01).Median (IQR) ILT thickness
measurements for the amount of elastin fibers were 18.6
(12.2-30.0), 16.5 (9.0-22.1), 11.7 (2.5-15.3), and 7.7 (0.0-
7.7) mm in AAA specimens with no, minor, moderate, and
heavy staining for elastin fibers, respectively (P  .01; Table
II). A trend toward ILT thickness and elastin fragmentation
was observed (r  0.199; P  .071), and a significant
negative correlation was observed between medial VSMCs
and ILT thickness (r0.27; P .01). Median (IQR) ILT
thickness measurements were 18.5 (12.0-25.5), 17.6 (10.7-
22.1), 14.5 (4.6-21.7), and 8.0 (0.0-12.3) mm in AAA spec-
imens with no, minor, moderate, and heavy staining for
VSMCs in the medial layer, respectively (P  .01; Table II).
Although thicker thrombus measurements were observed in
patientswith a highnumber of inflammatory cells, thiswas not
significant after adjustment for age, sex, AAAdiameter, smok-
ing, diabetes, hypertension, and hypercholesterolemia (Table
II).
The association of ILT thickness with markers of
proteolysis in AAA specimens. Ventral ILT thickness
Fig 2. Bland-Altman plots are shown for (A) interobserver and (B)
intraobserver variability for the intraluminal thrombus (ILT) mea-
surements. Themean of pairs is plotted against the difference of pairs.
Themeandifference is close to zero, and the limits of agreement (1.96
standard deviations [SD]; dashed lines) are acceptable.was positively correlated with MMP-2 concentrations in rhe underlying vessel wall (r  0.27; P  .02). However,
o significant associations were found between ventral
hrombus ILT thickness andMMP-9 concentrations in the
nderlying vessel wall. ILT thickness measurements were
ot correlated with cathepsin B and S concentrations in
AA specimens (Table III). Furthermore, no significant
orrelation was observed between osteoprotegerin, IL-6,
r IL-8 concentrations and ILT thickness measurements
Table III).
The association of ILT thickness with markers of
ipid oxidation in AAA specimens. Different markers for
xidative stress were measured. Our study found no corre-
ation between ventral ILT thickness and measured T-
ARS concentrations in AAA specimens (r  0.10; P 
87). MPO, a catalyst for lipoprotein oxidation, was also
uantified in AAA homogenates, and no correlation was
bserved between MPO and ventral ILT thickness (r 
0.02, P  .76; Table III).
ISCUSSION
Previous studies have suggested that the ILT is associ-
ted with AAA growth.1,2 Furthermore, most aneurysms
ssociated with rupture contain an ILT,3-5 and the presence
f blood in the ILT is associated with AAA rupture.6,7 The
resent study investigated associations between ILT thick-
ess and AAA wall pathophysiology and showed that aneu-
ysm walls covered with a thick thrombus contained fewer
lastin fibers and VSMCs, which is in line with the result of
nother study.9 These results remained significant after
ultivariable correction.
ILT thickness was not correlated with the amount of
nflammatory cells after multivariable analysis. MMP-2
oncentrations in the aortic wall were positively associated
ith ILT thickness. These results are in line with those of
outard et al,13 who showed that MMP-2 concentrations
n the aneurysmal wall of rat models were positively associ-
ted with ILT weight. In addition, ILT thickness was
ignificantly correlated with AAA diameter. These observa-
ions suggest that ILT thickness influences the AAA wall
tability and might contribute to AAA growth and rupture.
owever, no relationship between MMP-9 concentrations
n the aortic wall and ILT thickness was observed, and no
orrelations between ILT thickness and T-BARS or MPO
oncentrations were observed.
Several studies have demonstrated that the ILT actively
ecretes MMP-9 and various serine proteases.10-13 Most of
hese enzymes are secreted by trapped neutrophils or plate-
ets that are located in the luminal layer of the ILT. Release
f MMP-9 and neutrophil elastase was demonstrated to be
ignificantly higher from the luminal layer than from the
hrombus layers more toward the AAA wall.10,12 More-
ver, release of protease inhibitors was elevated in the
hrombus layers more toward the AAA wall of the ILT
ompared with the luminal layer.10,11 These previous re-
ults suggest that MMP-9 and the investigated serine pro-
eases from the ILT may reach the underlying aortic wall in
elatively low concentrations. Our study supports this con-
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Volume 57, Number 1 Koole et al 81cept, because no association between ILT thickness and
MMP-9 concentrations in the aortic wall was found.
There are, however, theories that suggest an indirect
effect of the ILT on the underlying aortic wall.10,14 A
previous study showed that AAA walls covered with thick
thrombi demonstrated signs of localized hypoxia.14
Chronic hypoxia was demonstrated to induce an oxidant/
antioxidant imbalance, which might result in increased
oxidative stress levels.20 Furthermore, the ILT is consid-
ered a privileged site for reactive oxygen species formation
by MPO-catalyzed or by Fe2	-catalyzed conversion of
H O .21,22 We therefore investigated MPO and T-BARS
Table II. Relationships between abdominal aortic aneurys
(ILT) thicknessa
Variables
ILT thickne
None Minor
No. Median (IQR) No. Median (
Intimal layer
Calcifications 30 14.7 (9.8-20.20) 23 17.2 (10.8
Collagen 14 17.0 (8.5-25.7) 49 16.0 (8.6-
Medial layer
VSMCs 16 18.5 (12.0-25.5) 44 17.6 (10.7
Elastin 21 18.6 (12.2-30.0) 44 16.5 (9.0-
Collagen 60 17.4 (10.8-21.9) 22 12.2 (3.9-
Adventitial layer
Myofibroblasts 16 14.0 (2.9-18.2) 37 15.2 (10.8
Collagen . . . . . . 22 16.1 (11.6
Macrophages 51 15.2 (8.7-21.7) 17 14.5 (0.5-
T-lymphocytes 24 14.0 (8.7-19.7) 30 14.7 (9.0-
B-lymphocytes 9 15.4 (10.0-22.3) 27 14.8 (8.2-
Plasma cells 26 15.3 (7.5-21.4) 29 14.4 (10.4
IQR, Interquartile range; VSMCs, vascular smooth muscle cells.
a83 histologic AAA slides were scored as no, minor, moderate, or heavy stain
slides for each group.
bP value adjusted for age, sex, hypertension, hypercholesterolemia, diabetes
Table III. Correlations of intraluminal thrombus (ILT)
thickness with proteases, cytokines, and lipid oxidation in
the abdominal aortic aneurysm (AAA) vessel walla
Variables r Pb
MMP-2 0.27 .02
MMP-9 0.10 .61
Cathepsin B 0.00 .40
Cathepsin S 0.06 .42
Interleukin-6 0.11 .62
Interleukin-8 0.15 .54
Osteoprotegerin 0.05 .31
T-BARS 0.10 .55
Myeloperoxidase 0.02 .76
MMP, Matrix metalloproteinase; T-BARS, thiobarbituric acid reactive sub-
stances.
aAll analyzed markers were measured in all 83 patients.
bAdjusted for age, sex, hypertension, hypercholesterolemia, diabetes, smok-
ing, and AAA diameter by multiple linear regression analysis. Logistic
regression analysis was used to calculate the adjusted P value for MMP-2,
MMP-9, and T-BARS because these data were not normally distributed.2 2
as measures of lipid oxidation; however, no correlations tere found with the ILT. This suggests that the ILT does
ot influence lipid oxidation (directly or indirectly via hyp-
xia) in the AAA vessel wall and does not contribute to the
AA stability via this pathway.
Several studies have shown that chronic hypoxia also
nfluences the bioreactivity of inflammatory and vascular
ells.23-25 Erdozain et al23 showed that VSMCs under
ypoxic conditions secrete more MMP-2 than normoxic
SMCs. In addition, apoptosis of VSMCs under hypoxic
onditions occurs at an increased rate. ILT thickness–
nduced hypoxia of VSMCs might explain the correlations
fMMP-2 in the AAA vessel wall with ILT in our study and
n aneurysmal rats.13 A thicker thrombus creates more
ypoxia in the underlying aortic wall14 and thereby en-
ances VSMCs apoptosis, increases MMP-2 secretion, and
amages the elastin fibers.
In addition, elastin and collagen synthesis were shown
o be impaired under hypoxic conditions.26 These pro-
esses might weaken the structural integrity of an AAA
essel wall covered with a thick thrombus. Proteolytic
nzymes in the luminal layer of the ILTmay exacerbate this
ituation by causing fissures in the ILT. Fissures in the ILT
ncrease the mechanical stress in the underlying wall,27 and
his could possibly cause AAA rupture in a hypoxic, weak-
ned AAA vessel wall.28 Via this hypoxic pathway, the ILT
ight cause VSMCs apoptosis, elastin degradation, and
pregulate MMP-2 in the vessel wall. These alterations
nfluence AAA wall stability and might contribute to AAA
rowth and rupture. Studies that investigate therapies to
educe the ILT thickness are warranted to evaluate the
ffect on AAA growth and rupture.
This study observed no MMP-9 association with ILT
AA) vessel wall histology and intraluminal thrombus
m) per staining category
Pb
Moderate Heavy
) No. Median (IQR) No. Median (IQR)
0) 15 12.0 (4.3-20.5) 15 20.9 (14.9-21.7) .44
) 17 14.4 (9.9-21.8) 3 21.3 (11.3-21.3) .84
1) 17 14.5 (4.6-21.7) 6 8.0 (0.0-12.3) .01
) 16 11.7 (2.5-15.3) 2 7.7 (0.0-7.7) .01
) 1 . . . . . . . . . .64
7) 20 15.0 (8.4-20.3) 10 20.7 (9.4-28.4) .75
6) 38 15.4 (10.1-21.9) 23 14.8 (4.9-21.3) .94
) 9 15.5 (10.6-22.5) 6 18.5 (13.6-32.8) .27
) 20 18.6 (11.3-21.9) 9 17.6 (5.9-26.3) .73
) 31 13.5 (8.9-21.4) 16 18.8 (14.4-25.6) .46
8) 18 14.5 (8.9-21.7) 10 20.9 (12.3-28.4) .99
r each histologic parameter, withNo. representing the number of histologic
ing, and AAA diameter by logistic regression analysis.m (A
ss (m
IQR
-27.
21.7
-22.
22.1
16.9
-21.
-21.
21.2
22.1
21.8
-21.
ing fohickness; however, an association of measured MMP-2 in
11
1
1
1
1
1
1
1
1
2
2
2
2
2
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Although MMP-9 is secreted by VMSCs, macrophages are
the predominant cells that secrete MMP-9.29 Almost no
macrophages were observed in specimens of advanced
AAA. Furthermore, Folkesson et al10 showed that MMP-9
from neutrophils in the luminal thrombus layer did not
penetrate into the thrombus layers more toward the AAA
vessel wall. These observations might explain why MMP-9
concentrations were not associated with ILT thickness.
MMP-2, however, is predominately secreted by (hypoxic)
VSMCs and could also originate from activated platelets in
the ILT or underlying vessel wall.30 This might explain the
observed association of ILT thickness with MMP-2.
Several limitations in our study need to be addressed.
Heterogeneity in inflammatory or histologic processes in
the AAA vessel wall might have biased the results.31 How-
ever, the study consisted of relatively large numbers, and
our results confirmed the histologic findings from another
study.9 Furthermore, the study design hampered our ability
to investigate whether ILT is causally related with AAA
progression.
CONCLUSIONS
ILT thickness appeared to be associated with VSMCs
apoptosis and elastin degradation and was positively asso-
ciated with MMP-2 concentrations in the underlying wall.
This suggests that ILT thickness affects AAA wall stability
and might contribute to AAA growth and rupture. ILT
thickness had no correlation with markers of lipid oxida-
tion.
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